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S U M M A R Y
Background: Group B Streptococcus (GBS) is a known leading causative pathogen of neonatal infection.
Efﬁcient screening and identiﬁcation of women colonized with GBS is important for the prevention of
invasive neonatal infections.
Methods: A total of 628 vaginal/rectal specimens were collected from pregnant women in Beijing, China.
The chromogenic medium chromID Strepto B agar (STRB) was evaluated for its reliability in screening
GBS from the vaginal/rectal swabs; results were compared to those of blood agar plates (BAP).
Furthermore, matrix-assisted laser desorption ionization–time of ﬂight mass spectrometry (MALDI-TOF
MS) was used to conﬁrm the colonies suspected of being GBS on STRB.
Results: STRB showed excellent performance for GBS detection and outperformed BAP due to its higher
sensitivity. Furthermore, MALDI-TOF MS could reliably differentiate the putative GBS isolates on STRB.
Conclusions: This study demonstrated that STRB combined with MALDI-TOF MS is a fast, sensitive, and
accurate method for the identiﬁcation of GBS-colonized pregnant women.
 2014 The Authors. Published by Elsevier Ltd on behalf of International Society for Infectious Diseases.
This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-
nc-nd/3.0/).
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Group B Streptococcus (GBS; Streptococcus agalactiae) colonizes
the vagina and rectum of 10–30% of pregnant women and is an
important cause of severe neonatal infection.1 Intrapartum
chemoprophylaxis for GBS carriers has effectively reduced vertical
transmission during delivery and has resulted in a signiﬁcant
falling incidence of early-onset GBS infection.1 Therefore, the
reliable screening and identiﬁcation of women colonized with GBS
is critical for the prevention of invasive newborn infections. The
Centers for Disease Control and Prevention guidelines for the
prevention of perinatal GBS in the USA (2010) recommend that
vaginal/rectal swabs collected at 35 to 37 weeks of gestation be
inoculated into a selective broth for a higher recovery rate of GBS;
they suggest that the use of commercial chromogenic agar might
be an alternative to the blood agar plate (BAP).1
ChromID Strepto B agar (STRB) is one such chromogenic agar
developed for the screening of GBS in vaginal/rectal specimens.2,3
It is selective against Gram-negative bacilli, staphylococci, and
yeasts. However, some strains of Streptococcus thoraltensis,* Corresponding author. Tel.: +86 01085762244–2373.
E-mail address: zs25041@126.com (L. Binghuai).
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license (http://creativecommons.org/licenses/by-nc-nd/3.0/).Streptococcus porcinus, and Streptococcus pyogenes have been
reported to produce colonies of a characteristic color too.2–5
Therefore, the manufacturer recommends that suspected colonies
are conﬁrmed using a biochemical or immunological test. Matrix-
assisted laser desorption ionization–time of ﬂight mass spectrom-
etry (MALDI-TOF MS), based on different protein proﬁles
characteristic of each microorganism, has been investigated for
the identiﬁcation of GBS and an almost 100% accuracy reported.6–8
Thus, this study was undertaken to evaluate STRB for its
performance in isolating GBS in genital/rectal samples and to
assess the accuracy of MALDI-TOF MS in the identiﬁcation of the
colonies suspected of being GBS on STRB; the VITEK-2 automated
microbiology system (bioMe´rieux, France) was used in parallel for
comparison. To the best of our knowledge, this is the ﬁrst
evaluation of STRB for GBS screening in Chinese pregnant women.
2. Materials and methods
2.1. Patients and specimens
This study was conducted in a tertiary teaching hospital in
Beijing, China, and was approved by the institutional review
boards. A total of 628 vaginal/rectal swabs were collected from
pregnant women (aged 19–41 years) at 35–40 weeks of gestationciety for Infectious Diseases. This is an open access article under the CC BY-NC-ND
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routine prenatal care. Swabs were collected from March through
July 2013. After collection, the swabs were immediately trans-
ferred to the microbiology laboratory. Participants with a history of
antibiotic use within the 2 weeks prior to specimen collection were
excluded from the study.
2.2. Processing of vaginal/rectal samples
Swabs were placed in 2 ml sterile 0.9% saline solution,
swirled vigorously, and removed. The suspension was vortexed
for 1 min, directly streaked onto STRB (bioMe´rieux, Shanghai)
and BAP (50 ml for each plate), and incubated at 37 8C in 5%
enriched CO2 in the dark. Furthermore, a 50-ml suspension was
inoculated into 9 ml selective enrichment Todd–Hewitt broth
(THB, bioMe´rieux) containing colistin (10 mg/l) and nalidixic
acid (15 mg/l). The THB was incubated overnight at 37 8C in
aerobic conditions. If after enrichment the medium remained
clear at 24 h, the cultures were re-incubated and inspected at
48 h. Specimens with evident bacterial growth were vortexed
and streaked (10 ml) onto BAP (THB + BAP) and STRB
(THB + STRB). All plates were incubated for 24 h prior to
examination. Negative subcultures were re-incubated and re-
examined the following day.
2.3. Bacterial identiﬁcation of presumptive GBS strains
The cultures on STRB were examined for presumptive
positive GBS colonies: pale pink to red, round, and pearly.
Colonies on STRB resembling GBS were identiﬁed by direct use
of MALDI-TOF MS. Furthermore, these colonies were also
inoculated onto BAP and incubated overnight before being
identiﬁed by VITEK-2. Moreover, all the putative GBS colonies
were identiﬁed by 16S rRNA gene sequencing using the primers
BAK11w and BAK2, as described in a previous publication.9 If
GBS was identiﬁed in any medium for one swab, it was deﬁned
as positive for GBS screening.
2.4. Performance of THB and STRB in the identiﬁcation of strains
previously isolated and stored at 80 8C
The growth of some bacteria with the characteristic color of
GBS, as described previously2–5 and in the study, was investigated
further. Brieﬂy, 55 GBS strains, 10 S. thoraltensis, 10 S. porcinus, 20 S.
pyogenes, 20 Staphylococcus aureus, and 20 Staphylococcus inter-
medius recovered from previous studies and stored at 80 8C were
inoculated into THB at an original concentration of 105 CFU/ml.
After 24 h incubation, the suspension was vortexed and sub-
cultured (10 ml) onto STRB. Plates were inspected for the presence
of colonies suggestive of GBS after 24–48 h of incubation, which
were discriminated using MALDI-TOF MS, VITEK-2, and 16S rRNA
gene sequencing, as described.
2.5. MALDI-TOF MS analysis
The isolates suspected of being GBS were identiﬁed by
MALDI-TOF MS system (Bruker Daltonics, Germany), as de-
scribed previously.7 In brief, several colonies freshly grown
overnight and suspected of being GBS were collected. A
recommended ethanol/formic acid extraction procedure was
then applied. All spectra were analyzed using MALDI Biotyper
2.0 software package (3995 entries in the database) and
compared to reference spectra for identiﬁcation. Scores 2.0
were considered to be reliable to the species level, scores 1.7
and <2.0 were considered reliable to the genus level, and a score
of <1.7 indicated no identiﬁcation.3. Results
3.1. Culture reading
The appearances of colonies on STRB are shown in
Figure 1. After incubation on STRB plates, typical GBS were
pale pink to red, round, and pearly (Figure 1, b and g). The
colonies were usually 2–3 mm in diameter after 24 h incuba-
tion; however, if incubated 48 h, some GBS strains would grow
into deep red to violet colonies (Figure 1i). Moreover, a few
pink–red colonies on STRB were also identiﬁed as Lactococcus
garvieae, S. aureus, and coagulase-negative staphylococci. These
strains, if at a high original concentration, were not inhibited by
THB, but most of these non-GBS colonies appeared on STRB with
tiny diameters, about half those of typical GBS. Furthermore, a
few Enterococcus strains were also found to produce pink–red
pigment (Figure 1c), but most enterococci produced the
expected blue colonies on STRB.
In addition, there were colonies of different colors, e.g. blue
colonies, mostly identiﬁed as enterococci (Figure 1 h) or Candida
albicans, and deep red to violet colonies identiﬁed as S. aureus, S.
intermedius, Staphylococcus epidermidis, and lactococci (Figure 1, a
and j).
3.2. Evaluation of the combination of STRB and MALDI-TOF for rapid,
reliable screening of GBS
The enrichment step with THB can signiﬁcantly increase the
sensitivity of both BAP and STRB. STRB outperformed BAP; the
results are presented in Table 1. GBS were recovered from at total
47 of the 628 specimens, by one or several plates, showing a
prevalence of 7.5%.
In the present study, six specimens were found to be positive for
GBS only by direct streaking on BAP, rather than after selective
enrichment with THB for 18–24 h. Further analysis revealed that
all six of these GBS were overgrown by the heavy growth of other
microorganisms, including Gram-negative bacilli (Proteus vulgaris,
n = 1), yeast (C. albicans, n = 1), S. epidermidis (n = 1), and
enterococci (n = 3), which were not inhibited by THB. Moreover,
three of these six GBS strains were non-hemolytic.
There were eight non-GBS isolates that on STRB after
enrichment showed a pink to deep red color: S. intermedius
(n = 1), S. aureus (n = 1), L. garvieae (n = 1), b-hemolytic strepto-
cocci (S. porcinus, n = 3), and Enterococcus faecalis (n = 2) (Table 2).
Furthermore, if the vaginal/rectal swabs were directly streaked on
the STRB, the Gram-negative bacilli, especially Escherichia coli
(n = 2), sometimes grew into tiny colonies in heavy growth with a
characteristic pink color after 24 h incubation, requiring further
conﬁrmation. One strain of GBS was found only when the swab was
directly streaked onto the STRB, rather than after enrichment, and
two strains of GBS were only detected positive when the
incubation time was lengthened from 24 to 48 h on STRB after
enrichment. All of these were associated with a heavy concentra-
tion of E. faecalis.
Moreover, the STRB medium must be incubated in aerobic
conditions in the dark, otherwise the color of the isolates on
chromogenic agar might be misleading. If exposed to light, non-
GBS strains will grow into pale pink to red colonies, while some
GBS colonies produce a violet pigment.
3.3. Identifying stored strains producing a characteristic color by THB
and STRB
Among the strains isolated from previous studies, 55 of GBS,
one of L. garvieae, one of S. pyogenes, and three of S. porcinus grew
well into pink to red colonies on STRB after 24–48 h incubation.
Figure 1. Appearances after 24 h incubation on chromID Strepto B agar (STRB). (a) Overgrown Staphylococcus intermedius (pink). (b) Typical group B Streptococcus (GBS)
colonies (pink). (c) Enterococcus faecalis at high concentration (pink). (d) Streptococcus porcinus (pink). (e) Scattered GBS colonies (pink) in heavy growth of E. faecalis (blue). (f)
GBS (deep red) and E. faecalis (blue) at equal concentration. (g) Scattered Streptococcus gallolyticus subsp. pasteurianus colonies (blue) in overgrown GBS (pink). (h) Typical E.
faecalis colonies (blue). (i) GBS (deep red colonies; incubated 48 h in 5% CO2). (j) Typical Staphylococcus aureus colonies with smaller diameters (violet).
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were detected on STRB plates after the ﬁrst 24 h; however,
when the incubation time on STRB was lengthened to 48 h, two
strains of S. aureus grew into tiny, deep-red colonies. All
the colonies suspected of being GBS were identiﬁed using both
MALDI-TOF MS and VITEK-2; the results shown Table 2. All 16S
rRNA sequencing results, used as a conﬁrmatory test, agreed
with those of MALDI-TOF MS.4. Discussion
Maternal colonization with GBS is the leading risk factor for the
development of invasive neonatal infections. Laboratory methods
for the rapid, reliable detection of GBS carriers have evolved over
recent decades.1–5
Previous studies have documented STRB to be a sensitive and
cost-effective method for GBS screening.2–4,10 STRB consists of a
Table 2
Accuracy of identiﬁcation of the pink to red pigment colonies on chromID Strepto B agar using MALDI-TOF MS and VITEK-2
16S rRNA gene sequencing (n) Identiﬁcation by VITEK-2 (n) MALDI-TOF MS
identiﬁcation (n)
Correlation (%)
Strains isolated from vaginal/rectal swabs in present study (n = 55)
GBS (47) GBS (47) GBS (47) 100
Streptococcus porcinusa (3) Streptococcus porcinus (2); GBS (1) Streptococcus porcinus (3) 67
Lactococcus garvieaeb (1) Lactococcus garvieae (1) Lactococcus garvieae (1) 100
Staphylococcus aureusb (1) Staphylococcus aureus (1) Staphylococcus aureus (1) 100
Staphylococcus intermedius (1) Staphylococcus intermedius (1) Staphylococcus intermedius (1) 100
Enterococcus faecalis (2) Enterococcus faecalis (2) Enterococcus faecalis (2) 100
Strains isolated from previous studies and stored at 80 8C (n = 62)
GBS (55) GBS (53); Streptococcus dysgalactiae subsp. equisimilis (2) GBS (55) 96
Streptococcus pyogenesa (1) Streptococcus pyogenes (1) Streptococcus pyogenes (1) 100
Streptococcus porcinus (3) Streptococcus porcinus (2); GBS (1) Streptococcus porcinus (3) 67
Lactococcus garvieaeb (1) Lactococcus garvieae (1) Lactococcus garvieae (1) 100
Staphylococcus aureusb (2) Staphylococcus aureus (2) Staphylococcus aureus (2) 100
MALDI-TOF MS, matrix-assisted laser desorption ionization–time of ﬂight mass spectrometry; GBS, group B Streptococcus; STRB, chromID Strepto B agar.
a Tiny strains producing pink–red pigment on STRB.
b Strains producing deep-red to violet pigment and having smaller diameters on STRB.
Table 1
Recovery of group B Streptococcus (GBS) from 628 vaginal/rectal specimens on chromID Strepto B agar (STRB) and blood agar plates (BAP) after enrichment or not (total GBS,
n = 47)
Medium No. of samples Sensitivity (%) Speciﬁcity (%) PPV (%) NPV (%)
True-positive False-positive True-negative False-negative
BAP 30 5 576 17 63.8 99.1 85.7 97.1
THB + BAP 41 7 574 6 87.2 98.8 85.4 99.0
STRB 33 10 571 14 70.2 98.3 76.7 97.6
THB + STRB 46 8 573 1 97.9 98.6 85.2 99.8
PPV, positive predictive value; NPV, negative predictive value; BAP, blood agar plates; THB, Todd–Hewitt broth; STRB, chromID Strepto B agar.
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substrates, and antibiotics, on which GBS grows into pink to red
colonies that are easily identiﬁed during routine inspection. The
use of an enrichment step lengthens the time to obtaining a ﬁnal
result, but it can signiﬁcantly increase the recovery sensitivity.1
However, in the current study, one sample was found to be GBS-
positive only using direct plating. After enrichment, there was
heavy growth of E. faecalis. It has been documented that the
overgrowth of E. faecalis suppresses the growth potential of GBS by
competition in selective broth.11 Consequently, the combination of
a direct plating method with selective broth ampliﬁcation should
be applied to increase the recovery rate, as suggested previously.12
In our study, after enrichment, six strains of GBS were not
recovered by BAP; this was associated with the overgrowth of
other microorganisms in all cases and was partially due to the non-
hemolytic isolates, either co-existing or not. It was found that
about 2–5% of GBS were non-hemolytic; these morphologically
resembled Enterococcus on BAP and tended to be overlooked
during inspection. Furthermore, the heavy growth of Enterococcus
might mask the presence of GBS isolates at low concentration. The
GBS strains, hemolytic or not, produced an identical pink to red
pigment on STRB, and were readily detected in heavily contami-
nated specimens, which might explain why STRB was superior to
BAP in GBS screening in the present study.
The combination of STRB with MALDI-TOF MS is beneﬁcial for
several reasons. First, there is the potential to misidentify other
bacteria as GBS using STRB. According to previous studies, certain
species develop and exhibit pigmentation characteristic of GBS on
STRB (e.g. S. pyogenes and S. porcinus).3–5 In our study, a few strains
of S. intermedius and E. faecalis also developed into pink to deep red
colonies. According to our study, VITEK-2 was sufﬁciently accurate
to identify the colonies suspected of being GBS, in spite of several
misidentiﬁcations. However, the strains on STRB might inﬂuence
the biochemical testing results; thus, they should be inoculated onBAP and incubated for 18–24 h before biochemical identiﬁcation.
Therefore, the method is time-consuming and labor-intensive.
MALDI-TOF MS could process a large number of isolates in less
than 30 min, allowing the conﬁrmation of GBS carriers within
2 days of specimen receipt, whereas the identiﬁcation using
biochemical methods (mainly VITEK-2 or API strips) required a
minimum of 3 days, sometimes 4 days, before the whole screening
process was completed. On the basis of the results presented in our
study, MALDI-TOF MS outperformed biochemical techniques with
a higher accuracy and offered the potential of identiﬁcation 2 days
sooner. Moreover, some other strains (e.g. S. porcinus) produced
colonies of a characteristic color; these may be misidentiﬁed as
GBS using biochemical tests and latex agglutination, due to their
biochemical similarities and serological cross-reactivity with
GBS.5,13 By comparison, MALDI-TOF MS was a powerful tool for
identifying GBS strains of phylogenetic lineages at the species
level.7 When discrepancies between MALDI-TOF MS and conven-
tional identiﬁcation methods have occurred, the 16S rRNA
sequencing results have often agreed with MALDI-TOF MS
identiﬁcation.6,14 Second, it was demonstrated in a previous study
that MALDI-TOF MS might be used to identify GBS strains of the
‘highly virulent’ sequence type (ST) 17, which has a mass peak at
7625 Da.8 ST-17 GBS strains are associated with enhanced
invasiveness and might have an increased ability to invade and
cause neonatal invasive infections, especially meningitis.15 The
instant identiﬁcation of ST-17 clones would lower the incidence of
neonatal infection. Third, MALDI-TOF MS is cost-effective, dra-
matically reducing the cost of bacterial identiﬁcation in the clinical
laboratory.16
In conclusion, our data demonstrate STRB to be superior to BAP
in screening for GBS. All putative GBS strains on STRB were either
accurately identiﬁed or excluded directly by MALDI-TOF MS. The
combination of STRB and MALDI-TOF MS may provide rapid, highly
reliable identiﬁcation of GBS from vaginal/rectal swabs.
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